The aim of this study was to examine the association between serum level of chemerin with AIS and carotid artery atherosclerosis, and to investigate the level of chemerin as a potential novel cerebrovascular risk factor.
Background
Stroke affects 33 million individuals worldwide each year, and 87% of them are ischemic [1] . In China, ischemic stroke is the leading cause of serious long-term disability and death, and the disease has a tendency to increase year by year [2] . While the main cause of ischemic stroke is atherosclerosis [3] , there is a close relationship between acute ischemic stroke (AIS) and atherosclerosis and obesity. Obesity is a pathological state due to the increase in adipose tissue, which can raise the risk of type 2 diabetes, hypertension, coronary heart disease, and a series of other diseases [4] . As is well-known, all of the diseases stated above are established risk factors for AIS. Adipose tissue is no longer considered just an energy storage repository, but is understood to be the largest active endocrine organ releasing a variety of biologically active substances termed adipokines, which exert their biological effects through autocrine, paracrine, and distance secretion mechanisms. In recent years, research on leptin [5] , adiponectin [6] , visfatin [7] , and other adipokines enhance our understanding of the mechanism and development of metabolic syndrome, atherosclerosis, and other diseases. Chemerin is a newly discovered adipokine was first reported in 2007, and it quickly received widespread attention from endocrine and cardiovascular researchers [8] .
Chemerin is an immunomodulating factor processed by a variety of proteases linked to inflammation. It activates the G-protein coupled receptor chemerin-like receptor 1 (CMKLR1) and induces chemotaxis in natural killer cells, macrophages, and immature dendritic cells [9] . In 2010, Kaur et al. [10] found that endothelial cells express both chemerin and its receptor, CMKLR1, and it is regulated by tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), interleukin-1b (IL-1b), and other pro-inflammatory cytokines. After being stimulated by inflammatory cytokines, endothelia cells were damaged, triggering macrophages that remain in artery walls by a variety of adhesion and migration activities. Macrophages move lipids into foam cells, promoting the development of atherosclerosis. Chemerin activates extracellular signal-regulated kinase (p38 MAPK and ERK 1/2 action), stimulates blood vessels migration, invasion, and formation, and leads to angiogenesis [11] . The current study suggests that platelet granules contains large amounts of pre-chemerin (secreted as a chain containing 163 amino acids with low biological activity), and multiple proteases of the coagulation-fibrinolysis system that can hydrolyze it into active chemerin [12] . Immature blood vessels were easily ruptured, which activates coagulationfibrinolysis system, producing large amounts of active chemerin. The active chemerin promotes migration of inflammatory cells, including monocytes and macrophages, into atherosclerotic plaques by chemotaxis. The activation and penetration of monocytes and macrophages in atherosclerotic plaques are important factors resulting in plaque instability, which induces the rupture of plaque and eventual thrombus formation [13] .
In humans, accumulating epidemiological evidence supports that chemerin is related to obesity, metabolic syndrome, type 2 diabetes, and coronary heart disease [14, 15] . The associations between chemerin and coronary atherosclerosis have been reported, although with conflicting results [16, 17] . Associations between serum levels of chemerin, AIS, and carotid artery atherosclerosis have been less well researched. There is a similar pathogenic link between cardiovascular and cerebrovascular diseases. The aim of this study was to determine whether serum level of chemerin is associated with acute ischemic stroke and carotid artery atherosclerosis, and to investigate the role of chemerin level as a potential novel cerebrovascular risk factor. There is a need to better understand the mechanism of AIS and atherosclerosis to guide clinical treatment and prevention of disease.
Material and Methods

Subject selection
This study was conducted between December 2014 and June 2015, enrolling 70 patients (36 men and 34 women; mean age 64.20±8.14 years) hospitalized at Shengjing Hospital affiliated to China Medical University, Liaoning Province, China. We compared their data to 70 control participants matched for age and sex (36 men and 34 women; mean age 64.14±8.08 years), recruited from our department. The diagnosis of acute ischemic stroke was consistent with the diagnostic criteria established by the Fourth Nationwide Academic Conference on Cerebrovascular Disease of the Chinese Medical Association [18] . We excluded patients with history of cerebral hemorrhage, acute cerebral infarction, coronary heart disease (stable angina pectoris, unstable angina, and myocardial infarction), heart failure, any serious infectious disease, liver or kidney disease, any disease of the immune system, and malignant tumor. We also excluded patients who recently had major surgery. None of the participants were on any anti-inflammatory drugs or steroids. Written informed consent was obtained from all the subjects and this study was approved by the Ethics Committee of Shengjing Hospital.
Clinical and biochemical assessment
A medical history of hypertension, diabetes [19] , dyslipidemia [20] , smoking, and family history of stroke were recorded. Blood pressure (BP) and heart rate (HR) were measured twice after keeping all participants in a horizontal position for at least 15 minutes. The mean of the 2 measurements was used for analysis. Height, weight, waist circumference (WC), hip circumference (HC), and neck circumference (NC) were measured by the same observer. BMI was calculated as weight (kg) divided by the square of height (m Venous blood samples were obtained via sterile venipuncture after participants had fasted overnight. The blood samples were separated by routine procedures and sent to the hospital's clinical laboratory for measurement of fasting plasma glucose (FPG), glycosylated hemoglobin (HbA1c), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), white blood cell count (WBC), neutrophil count, platelet count (PLT), fibrinogen (FIB), and high-sensitivity C-reactive protein (hs-CRP).
To measure chemerin, serum was separated from the blood corpuscles by centrifugation at 3500 r/min for 15 min and kept frozen at -80°C until analysis in the same assay. We quantified serum chemerin using a Human Chemerin enzyme-linked immunosorbent assay (ELISA) kit (USCN Life Science Inc, Wuhan, Hubei, China). The inter-assay coefficient of variation was <10% and the intra-assay coefficient of variation was <5%. Measurements of chemerin levels were performed according to the recommendations of the manufacturers. Table 1 . Demographics of the study subjects.
BMI -indicates body mass index; WC -waist circumferences; HC -hip circumferences; NC -neck circumferences; SBP -systolic blood pressure; DBP -diastolic blood pressure; HR -heart rate; FPG -fasting plasma glucose; HbA1c -glycosylated hemoglobin; TC -total cholesterol; HDL-C -high-density lipoprotein cholesterol; LDL-C -low-density lipoprotein cholesterol; TG -triglycerides; WBC -white blood cell count; hs-CRP -high-sensitivity C-reactive protein; PLT -platelet count; FIB -fibrinoge. The stability of carotid artery plaque was determined using standard procedures, with an ALOKA-a 10 ® Doppler ultrasound system (ALOKA, Japan). Plaques were graded into echolucent or echogenic. This was performed using the classification proposed by Gray-Weale [21] : type 1 has uniformly echolucent lesions; type 2 has echogenic lesions with substantial (>75%) components of echolucency; type 3 has predominately echogenic lesions with small area(s) of echolucency occupying less than a quarter of the plaque; and type 4 has uniformly dense echogenic lesions. Type 1, 2, and 3 plaques composed the unstable plaque group, while type 4 and without plaque composed the non-unstable plaque group.
Statistics and data analysis
The statistical analysis was performed using the Statistical Package for the Social Sciences version 22.0 (SPSS Inc., Chicago, IL, USA). The normality of the data distribution was determined using the Kolmogorov-Smirnov test. Continuous data are expressed as means ±SD or median (inter-quartile range) and as percentages for categorical data. Comparisons between groups (patients versus controls) were by Student's t-test (for data that were normally distribution), Mann-Whitney U-test (for data that were non-normally distributed), and chi-square test (for data that were categorical variables). Correlations between serum chemerin level and continuous variables were determined using Spearman's correlation. Multiple Logistic regression analysis (stepwise method) was performed to determine whether increased serum chemerin was a risk factor for acute ischemic stroke and atherosclerosis. A p value <0.05 was considered statistically significant.
Results
Baseline characteristics according to AIS
Laboratory findings and anthropometric characteristics of the subjects in AIS (N=70) and non-AIS (N=70) groups are summarized in Table 1 . Patients with AIS had higher BMI, TG, FIB, and hypertension history than those of the non-AIS group (P<0.05). Table 3 . Correlation between serum chemerin levels and AIS risk factors.
The P values are from Spearman's correlations. BMI -indicates body mass index; SBP -systolic blood pressure; DBP -diastolic blood pressure; FPG -fasting plasma glucose; TC -total cholesterol; WBC -white blood cell count; hs-CRP -highsensitivity C-reactive protein; FIB -fibrinoge. Figure 1 ). We tested for possible associations between AIS and its risk factors using multiple logistic regression analysis, with AIS as the dependent variable. We found that BMI, neutrophil count, and chemerin were the independent risk factors for AIS (P<0.05~0.01, Table 2 ).
Association of serum chemerin levels with clinical characteristics
Serum chemerin levels were positively correlated with NC, SBP, DBP, smoking, and hypertension history (r=0. (Table 3) .
Baseline characteristics according to the stability of carotid artery atherosclerosis plaques Figure 2) . We tested for possible associations between the stability of carotid artery atherosclerosis plaques and their risk factors using multiple logistic regression analysis, with the stability of carotid artery atherosclerosis plaques in AIS as the dependent variable. We found that LDL, FIB, and serum chemerin levels were the independent risk factors for the instability of carotid artery atherosclerosis plaques (P<0.05, Table 5 ).
Serum chemerin levels and the number of carotid artery atherosclerosis plaques
When all subjects in the AIS group were further divided into 4 groups according to the number of carotid artery atherosclerosis plaques (n=0, 1, 2, ³3), the serum chemerin levels were 80. .84) ng/mL for the plaques numbers of 0, 1, 2, and ³3, respectively. The levels of serum chemerin in the subjects with no carotid artery plaque were significantly lower than those with carotid artery plaques of 2 and ³3 (P=0.013; P=0.01), but there was no significant difference in plaque number of 1 (p=0.284). The serum chemerin levels were not significantly different among groups in plaques numbers ³1 (P>0.05, Figure 3 ).
Association of serum chemerin levels with diabetes and obesity
All subjects were divided into a diabetic and a non-diabetic group, as well as an obese and a non-obese group, according to diabetes and obesity. We found no significant difference in serum chemerin levels in those groups (P>0.05, Table 6 ). Table 5 . Multiple regression analysis of variables associated with unstable plaques groups.
TC -total cholesterol; LDL-C -low-density lipoprotein cholesterol; FIB -fibrinoge. Chemerin ng/mL 
Discussion
The present study shows for the first time that patients with AIS had a higher serum chemerin level than those without AIS. Increasing circulating level of chemerin was also found to be associated with the instability of carotid artery atherosclerosis plaques.
We found a significant difference between the AIS group and the non-AIS group in BMI, FPG, WBC, neutrophil counts, hs-CRP, TC, and FIB. This is consistent with previous reports that the occurrence of AIS is closely related with obesity, diabetes, acute inflammatory response, and hypercoagulable state. Serum chemerin level was significantly increased in patients with AIS compared to those with non-AIS, and was positively correlated with SBP, FPG, TC, WBC, neutrophil count, hs-CRP, FIB, and NC. Chemerin binds with chemerin receptors on the cell membrane, leading to inhibition of adenylate cyclase activity and cyclic adenosine monophosphate aggregation. This process induces the release of calcium ions, increases the concentration of intracellular calcium, and causes hypertensionrelated vasoconstriction [22] . There is broad consensus about the close relationship between chemerin, glucose, and TC in several studies of endocrine and metabolic syndrome [14] . Chemerin plays a role in chemotaxis and its level was positively correlated with inflammation status. Chemerin might affect the macrophages and dendritic cells to migrate to inflammatory peripheral regions and release a variety of inflammatory mediators. The inflammatory mediators could further promote the release of chemerin to expand the inflammatory response by a positive feedback mechanism [23] . We found a lack of association between serum chemerin level, BMI, HC, and WC, which does not agree with previously reported studies. We believe this difference is associated with ethnic diversity, which is supported by a number of studies in Asian populations [15] .
NC is a new index of anthropometry; it is simple to use and better shows upper body subcutaneous fat deposition. It has gradually drawn wide attention from endocrinology and metabolism researchers. Recent publications reported that this index is correlated with sleep apnea syndrome, metabolic syndrome, and coronary heart disease, perhaps due to sharing common risk factors: hypertension, dyslipidemia, and hyperglycemia [24] . Previous studies found that chemerin level generally along with all of these aforementioned risk factors [14] .
In conclusion, we can now explain the correlation between NC and chemerin, as found in this study. Fitch et al. [25] found a significant relationship between NC and carotid intima thickness, and it was independent of the traditional cardiovascular disease risk factors such as hypertension, dyslipidemia, hyperglycemia, and smoking. A 2014 study in a large, communitybased population in Chinese in confirmed that NC is a good indicator of early-stage atherosclerosis, independent of other metabolic factors [26] . But, until now, few studies have reported on the relationship between NC and stability of carotid plaques. Findings of the present study suggest that NC is related to stability of carotid plaques, but is not an independent risk factor.
Compared with the no plaque group, the stable plaque group had no significant difference in serum chemerin level, but both of them were obviously different from the unstable plaque group (Group B). Even when these 2 groups were merged into a non-unstable plaque group (Group A), a significant difference between Group A and Group B was still detected. Stepwise multiple regression analysis suggests that the occurrence of atherosclerosis increased along with increased serum chemerin level, but as the number of plaques increased, there was no apparent rising trend in serum chemerin level. In 2014, after the analysis of the serum chemerin levels in 220 Chinese subjects, researchers found that an elevated level of chemerin was an independent risk factor for acute coronary syndrome (unstable angina and CHD), but not for stable angina pectoris. This suggests that serum chemerin level is associated with instability of arterial plaques [27] , perhaps because the inflammatory reaction plays a crucial role in determining the stability of plaques [28] . Similarly, Yan Q et al. [15] found that after dividing patients with coronary heart disease according to the number of lesion vessels, compared to patients without obvious stenosis, serum level of chemerin in patients with vascular lesions significantly increased, but the number of lesions and serum chemerin level were not related. Although previous studies found chemerin level generally was higher in diabetic and obese patients, our study found no differences in serum chemerin levels between diabetic and non-diabetic groups, or between BMI <25 kg/m 2 and ³25 kg/m 2 groups. The level of chemerin and hs-CRP were significantly positively correlated in the AIS group, but diabetes and obesity had no obvious correlations with the latter. Serum chemerin level probably primarily reflected the activation state of the body inflammatory response. Inflammation in patients with AIS was stronger than patients with diabetes and obesity, which diluted the serum levels of chemerin in the diabetes and obesity groups. In 2013, after testing serum chemerin level in obese patients with diabetes, Weigert et al. [29] found that the circulating serum chemerin level was mainly related to inflammation, which supports our speculation.
Our study is a cross-sectional survey with a small sample size, which only uncovered a relevant relationship but cannot identify the causal connection between AIS, atherosclerosis, and chemerin. A larger prospective study might be able to observe the changes in chemerin at 24 hours, 48 hours, 72 hours, 7 days, and 1 month after AIS, to elucidate the role of chemerin during the occurrence, development, and recovery of AIS. Some investigators pointed out that in local atherosclerotic plaques, chemerin level can better reflect their relationship with atherosclerosis [15, 30] . Our measurement of circulating chemerin might not provide information on the local tissue activity of the peptides. In addition, our study, by design, failed to clarify the effects of distinct pharmaceutical agents on serum levels of chemerin, which might influence the results.
Conclusions
Our findings suggest that serum chemerin level is an independent risk factor for AIS and carotid artery plaque instability, which might be associated with chemerin involvement in inflammatory reactions. Further studies are necessary to investigate the biological function of chemerin and its role in the occurrence and development of AIS. These results may play a guiding role in diagnosis and prognosis of cerebral infarction and atherosclerosis, providing new targets for the treatment of such diseases.
